Background: Little is known about risk attitudes and risk perceptions in multiple sclerosis (MS). Objectives: The objectives of this paper are to investigate the range of risk attitudes and risk perceptions and examine associations between risk attitudes and risk perceptions and demographic and clinical features of the disease. Methods: A total of 223 individuals completed a risk questionnaire. Risk attitude was measured using two rating scales and a standard gamble scenario. Risk perception was measured by asking participants to estimate the likelihood of disease progression and the likelihood of minor and serious side effects associated with common MS therapies. Results: Participants were risk neutral overall and risk averse on issues related to health and safety. There was a significant association between disease duration and risk attitude, with patients with longer disease duration showing greater tolerance for risk. On the standard gamble scenario, males were significantly more likely to take treatments with a likelihood of death of 1:10,000 or 1:100,000 than females. Individuals with higher disability or a progressive disease course were significantly more likely to expect progression at two, five and 10 years. Conclusion: Individuals with MS demonstrate low tolerance for risk. Risk attitudes and perceptions are influenced by some demographic and clinical features of the disease.
Introduction
Since 1993, 13 drugs have been approved by the Food and Drug Administration (FDA) for the treatment of relapsing forms of multiple sclerosis (MS). As new disease-modifying therapies (DMTs) become available, decisions regarding the selection of a particular DMT are becoming more complicated both for patients and physicians. The weighing of alternatives is particularly challenging for treatments that carry the potential for significant side effects and/or adverse events. One important factor that may influence treatment choice is an individual's attitude toward risk.
Risk attitude is defined as an individual's orientation toward taking or avoiding risk when deciding how to proceed in situations with uncertain outcomes. 1, 2 There are two competing views of risk attitude in the literature. The first view considers risk attitude a stable personality trait. 1 The second sees risk attitude varying across domains such as financial, recreational and health. 3 Risk-taking behavior, however, may be influenced by more than an individual's risk attitude. It may also be a function of an individual's risk perception, or the way that he or she perceives the likelihood of experiencing a negative event. 4 In this view, treatment decision making in MS may reflect both an individual's perception of risk and his or her attitude toward risk.
In the current study, we investigated the range of risk attitudes and risk perceptions in individuals with MS using risk attitude and risk perception rating scales and a standard gamble scenario. In addition, we examined the impact of demographic and clinical features of MS on risk attitudes and risk perceptions.
Participants and methods
Individuals were recruited from the Partners MS Center at the Brigham and Women's Hospital in Boston, MA. All patients with a clinically isolated syndrome (CIS) or MS according to the revised McDonald criteria 5 seen for a clinical visit between November 18, 2014 and December 16, 2014 were asked to complete a brief risk questionnaire (see Appendix A). The demographic and clinical characteristics of participants are shown in Table 1 .
Risk attitude was measured using two rating scales and a standard gamble scenario. First, we used a single-item measure of risk orientation that asks participants to rate their overall comfort with taking risks from extremely comfortable to extremely uncomfortable. 6 Second, we used the Risk Propensity Scale (RPS), a seven-item self-report measure of an individual's general propensity to take risks. 7 For the RPS, the summary score was calculated by rescaling each of the items so that higher scores were associated with preference for risk seeking. The theoretical range for the RPS is 763. The formula for the RPS is shown in Equation 1 where items with the suffix ''rs'' were rescaled.
Participants with missing information for any question were considered missing for the RPS. The reliability of the RPS score based on our sample was acceptable (Cronbach's alpha ¼ 0.721). Finally, we used a standard gamble scenario that asked individuals to consider a new MS drug that promised no new relapses or worsening of MS symptoms, but could cause death. Participants were asked to indicate their likelihood of taking the new drug if the risk of death was 1:2, 1:10, 1:100, 1:1000, 1:10,000 and 1:100,000.
We measured risk perceptions in two ways using a five-point scale that ranged from extremely unlikely to extremely likely. First, individuals were asked to estimate the likelihood of becoming wheelchairbound over the short-(two years), medium-(five years) and long-term (10 years). Second, participants were asked to estimate the likelihood of minor and serious side effects associated with interferon beta1a intramuscular (IFNb 1a IM), interferon beta-1b (IFNb 1b), glatiramer acetate (GA), interferon beta1a subcutaneous (IFNb 1a SC), natalizumab (NTZ), fingolimod (FTY) and dimethyl fumarate (BG-12). These medications were chosen because they were the most commonly prescribed MS drugs at the Partners MS Center at the time that the survey was administered.
A total of 276 questionnaires were distributed and 224 were completed and returned for a response rate of 81.2%. One person completed the questionnaire twice within the interval, and only the first administration was used in our analysis for a final sample size of 223.
Demographic and clinical data including gender, age, marital status, disease duration, relapse rate and disability were obtained from the medical record. Current levels of disability were based on the physician-documented Expanded Disability Status Scale (EDSS). 8 This study was approved by the Partners Human Research Committee at the Brigham and Women's Hospital. Given that this was an exploratory analysis, no correction for multiple comparisons was applied.
Results

Risk attitudes
On a single-item measure of risk orientation, the majority of participants (66.8%) were risk neutral, and the mean score was almost exactly equal to the middle of the scale (Figure 1 (a), Supplementary Table  1) . Using the RPS, the mean (SD) risk propensity summary score was 26.3 (10.1), indicating an overall aversion to taking risks. When the individual items of the RPS were investigated, the majority of participants were classified as risk averse on the first five items of the scale (Figure 1 (a), Supplementary Table 1) .
Using a standard gamble scenario, individuals reported the likelihood of taking a new MS drug given the probability of a fatal side effect ( Figure 1 (b), Supplementary Table 2 ). Six percent of participants indicated they were likely/extremely likely to take the drug if the risk of death was 1:2.
The proportion increased to 16% if the risk of death was reduced to 1:1000, and to 41% if the risk of death was 1:100,000. Approximately 45% of participants indicated that they were unlikely/extremely unlikely to take the drug even if the probability of a fatal side effect was 1:100,000.
The associations between risk attitudes and demographic and clinical features of MS are presented in Table 2 . There were no significant associations between risk-orientation scores or scores on the RPS and gender, age, race, marital status, number of children, EDSS, disease course or relapse rate.
There was a significant association between disease duration and risk orientation, but not between disease duration and RPS. There was no significant association between current DMT and risk attitude using the global test (p ¼ 0.052). The associations between responses to the standard gamble scenario and demographic and clinical features of MS are presented in Table 3 . Males were significantly more likely to take the treatment with risk of fatal side effect equal to 1:10,000 or 1:100,000; and married individuals were significantly less likely to take a treatment with risk of fatal side effect equal to 1:10,000. No other features including current DMT were significantly associated with the likelihood of taking the treatment.
Risk perceptions
In Figure 1 (c) and Supplementary Table 3 , we show the distribution of responses regarding the perceived likelihood of disease progression. The percentages of patients reporting that they were likely or extremely likely to progress over the short-, medium-and longterm were 18.8%, 34.8% and 52.2%, respectively. Twenty-two percent of participants believed that it was unlikely/extremely unlikely that their MS would worsen over the next 10 years.
The associations between risk perceptions and demographic and clinical features of MS are presented in Table 4 . Participants with higher EDSS or a progressive disease course had significantly increased scores for risk of progression items regardless of the time interval. In addition, a significant difference among the treatment groups was observed for perceived risk of progression over two years, and patients treated with GA, NTZ or FTY had lower perceived risk of progression over two years compared to untreated individuals. Finally, participants with higher relapse rate or lower disease duration had higher perceived risk at 10 years.
The perceived likelihood of minor and serious side effects associated with DMTs is presented in Figure 2 and Supplementary Tables 4 and 5 When only patients who were taking a DMT were assessed in terms of the likelihood of side effects, a much lower proportion of individuals answered ''Don't know'' (Figure 2 and Supplementary  Tables 4 and 5 ). Further, the perceived likelihood of minor or serious side effects for participants taking the DMT was significantly lower than for individuals not taking the DMT for patients treated with IFNb 1a IM, GA, FTY, BG-12 and NTZ (p < 0.05 for each comparison). 
Discussion
We examined risk attitudes and risk perceptions in individuals with MS. On a single-item measure of risk attitude, MS patients appeared to be risk neutral. Using a more detailed RPS that included both general and health-related risk items, MS patients appeared to be risk neutral overall, and risk averse on issues related to health and safety. In fact, close to 65% of participants reported that they were risk averse when it comes to taking risks with their health. The reluctance of MS patients to take health-related risks was confirmed using a standard gamble scenario. Almost 50% of individuals indicated that they were unlikely/extremely unlikely to take a drug that promised no new relapses or worsening of MS symptoms but could cause death even when the probability of a fatal side effect was 1:100,000.
A small number of studies have similarly identified risk aversion in individuals with MS. Fox et al. 9 presented MS patients with two standard-gamble paradigms. In the first, the outcomes were a cure for MS vs an immediate painless, death. In the second, the outcomes were the benefits of NTZ (68% reduction in clinical relapse rate, 42% slowing of disability and 90% reduction in new brain lesions) vs progressive multifocal leukoencephalopathy (PML). The median risk tolerance was 1:10,000 for both scenarios. Fifteen percent to 23% of respondents were highly risk averse and would accept no risk. The authors concluded that many individuals with MS are risk averse and unwilling to take high risks for greater benefits. In a study comparing decision making in MS patients and healthy control individuals using two decision-making tasks that involved risk, Simioni et al. 10 found that individuals with MS showed greater risk aversion than healthy controls. They concluded that reduced tolerance for risk could affect treatment decision making in MS.
Several studies, by contrast, have demonstrated that MS patients are willing to accept risk for significant gain. Johnson et al. 11 asked MS patients to choose hypothetical treatments from pairs of treatment alternatives with varying levels of efficacy and risk.
In return for a decrease in relapse rate (four relapses to one over five years) and a delay of progression (progression in three years to five years), participants were willing to accept a 0.38% annual risk of death from PML. The authors concluded that individuals with MS are willing to accept higher levels of risk for greater improvements in clinical efficacy. Wilson et al. 12 administered computer-based utility measures to 291 MS patients and used conjoint analysis to calculate the relative patient preferences for the current risk and benefit attributes of hypothetical DMTs. They found that MS patients were willing to accept a 0.08% risk of death or severe side effects for a year of delayed relapse, 0.22% risk of severe side effects for two years of delayed progression (from two to four years), and a 0.069% risk of severe side effects for eight years of delayed progression (from two to 10 years). Wilson et al. 12 concluded that patients are willing to accept a relatively large risk of death and/ or disability as long as the benefit is substantial.
We found a significant association between disease duration and risk attitude, with patients with longer disease duration showing greater tolerance for risk. Similar findings have previously been reported in MS. Caon et al. 13 administered a series of standardized questions regarding the risks and benefits of new therapies to individuals treated with IFNb or GA. Participants were divided into two groups, those with disease duration and treatment of more than five years or less than five years. Patients with more than five years of disease who were using injectable therapies were more likely to consider new treatments with greater risks as well as new oral therapies with significant risk and vigilance requirements. Fox et al. 9 reported that longer MS disease duration was associated with greater risk tolerance among patients in the North American Research Committee on Multiple Sclerosis Registry.
We did not observe any significant associations between risk orientation scores or scores on the RPS and gender, age, race, marital status, number of children, disease course, EDSS or relapse rate. This is in contrast to an earlier report demonstrating that patients with greater disability were willing to take greater risks for treatments that would cure their MS or slow progression of the disease. 9 The lack of association between risk attitude and disability in the current study may be due in part to the fact that participants were not very disabled overall. The median EDSS was 1.5, despite patients having a mean disease duration of 15.5 years. Using the standard gamble scenario, we found that female gender and being married were associated with lower tolerance for risk. In general, women may be less willing to accept treatment-related risks that would interfere with their ability to meet the responsibilities of home and/or work. Fox et al. 9 found that female gender and having to care for dependents at home were both associated with reduced tolerance for risk.
In addition to examining risk attitudes, we assessed risk perceptions. Almost 20% of individuals reported that the risk of their MS worsening over the next two years was likely/extremely likely. Patients with greater disability or a progressive disease course were more likely to expect progression. Individuals with a higher relapse rate over the last year were more likely to expect disease progression at 10 years, but not at two and five years. These findings are in line with previous studies assessing disease expectations in MS. Janssens et al. 14 asked MS patients to assess the perceived risk of becoming wheelchair dependent using 100 mm visual analogue scales. Participants tended to overestimate the twoyear and 10-year risk of wheelchair dependence, but underestimated the lifetime risk. Patients with greater functional limitations had higher perceptions of risk. In a follow-up study, 15 11% of participants did not discriminate between two-year, 10-year and lifetime risk. Heesen et al. 16 examined risk perceptions in NTZ-treated patients by assessing individuals' disease and therapeutic expectations. Participants were asked to estimate how many untreated patients and NTZ-treated patients would be wheelchair bound in 10 years and to estimate the number of patients who would be progression free through two years of treatment. Participants estimated that the 10-year risk of being wheelchair bound was 40% without therapy and 10% with NTZ. They also estimated that 50% of patients would have no progression after two years of NTZ therapy, suggesting that individuals treated with NTZ may be overestimating the benefits of treatment.
We surveyed individuals about the likelihood of minor and serious side effects occurring with the use of commonly prescribed DMTs. The most common response was ''Don't know.'' Individuals were unwilling to estimate the risk of minor and serious side effects associated with DMTs they have not been prescribed. These results may indicate that MS patients do not have sufficient knowledge of DMT side effects to be able to make judgments about risk. When we compared responses in individuals taking the specific DMT with responses from the larger group, we found a much lower proportion of patients answered ''Don't know.'' In addition, the perceived likelihood of minor or serious side effects among participants taking the specific DMT was significantly lower than the perceived likelihood of minor or serious side effects among individuals who were not taking the DMT. It may be that patients who choose a particular DMT choose it because they are comfortable with the side effect profile or it may be that once they start taking the DMT they become more comfortable with the risk.
There are several limitations associated with this study. First, patients were recruited from a tertiary referral center. Although we approached all patients seen at the MS Center during a five-week period, we cannot be sure that our study participants effectively represent the general population of MS patients. Second, our study was relatively short in duration, which resulted in a low sample size. The small sample size meant that we had limited power to detect associations between patient characteristics and risk outcomes in this study. Further studies with larger sample size will be required to better understand predictors of risk attitudes and perception in MS. Third, individuals who participated in this study had limited disability despite having had MS for an average of 15.5 years. It is important to note that this limited disability is unlikely to be due to sampling because all patients seen at the MS Center were eligible to participate, and the burden of study participation was small. It is possible that the 18.8% of patients who did not participate were more disabled than the 81.2% who completed the questionnaire. Fourth, given the wide range of available MS therapies and the small number of participants in each treatment group, we had limited power to 
